In the last decade, there has been a rapid evolution in the technique and design of total knee arthroplasties and a proportionate rise in the number of these operations performed. Inevitably, this increase in total knee arthroplasties has been followed by an increase in the number that need revision. In part, this can be attributed to the prototype nature of early prosthetic devices and to the technical sophistication required for implanting the prostheses.
the earliest implants were of the hinge variety. These designs had the advantage of being easily aligned and inserted, and frequently, the short-term relief of symptoms was excellent. Long-term follow-up, however, has shown a high incidence of both aseptic and septic loosening.
Using a modified Walldius prosthesis, Young" reported that, in his experience, no prosthesis survived ten years. Hui and Fitz-gerald3 reported a 23% incidence of major complications in hinged total knee arthroplasty and an 11.7% incidence of infection.
The highly constrained nature of the design is a prominent factor in the high complication rate in these series. The fixed-axis hinge results in both high rates of metallic wear and the transmission of large stresses to the prosthetic stem and the bone-cement interface. These factors are assumed to be responsible for the high rate of aseptic and septic loosening and component breakage.
More recently, a group of prosthetic designs that attempt to provide constraint to unwanted motion without the high failure rate of the fixed hinges has been introduced. The prosthesis with the longest follow-up period has been the spherocentric. Kaufer and Matthews* reviewed their experience with a four-year average follow-up on 82 consecutive spherocentric arthroplasties, all performed in patients with either severe preoperative instability or deformity, or both. A 10% incidence of aseptic loosening and a 4% infection rate were reported. The prosthesis was considered loose only if motion between bone and prosthesis, or change in position could be demonstrated.
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The early unconstrained designs were exemplified by the unicondylar-type prostheses. The published results using these prostheses are conflicting. Insall and Aglietti4 reported on 22 unicondylar knee replacements with a five-to seven-year follow-up period. At the time of review, one knee was rated excellent, seven knees good, four knees fair, and ten knees poor. Seven knees were revised to a total condylar prosthesis. Although there may have been some errors in both technique and patient selection, the chief reason for the FIG. 2. Component malposition is often a cause of patellar dislocation. In this case, the tibial component was inserted in internal rotation, resulting in a lateral position of the tibial tubercle.
FIGS. 1 A A N D 1 B. (A)
In this cruciate retaining design, the posterior cruciate ligament clearly is excessively tight and causing anterior displacement of the tibia. (B) Despite the tightness of the posterior cruciate ligament, the collateral ligaments remain unbalanced, resulting in instability. A tight popliteus tendon is probably contributing to the lateral translocation. low incidence of good and excellent results was progression of osteoarthritis in the unresurfaced joint compartments (Figs. 3A and 3B).
Scott and Santoreg reported on 100 knees in 86 osteoarthritic patients treated using the same unicondylar prosthesis. After two to six years' follow-up, the group had a 92% incidence of satisfactory pain relief and an average range of motion of 114O, and 73% could walk unlimited distances.
The reason for such a discrepancy in these results is unclear. However, as Scott and Santore did not note progressive arthritis in any of their patients, the much shorter follow-up period in many of their cases may be the single most important factor. Although determination of the ultimate usefulness of this prosthesis must await further long-term evaluation, the design is predisposed to failure from progression of arthritis in the unresurfaced joint compartments. Progressive arthritis may also cause failure in any design that does not provide for patellofemoral arthroplasty.
Early bicondylar prostheses suffered from insecure tibial fixation' (Figs. 4A and 4B).
A central stem or peg on the tibial component solves the problem. This addition is FIGS. 3A AND 3B. ( A ) Radiograph of a failed unicondylar prosthesis with settling of the tibial component and progressive arthritis in the lateral component. (B) Radiograph obtained four years after revision to a total condylar prosthesis. The large tibial defect has been filled with cement, which provides inadequate support for the component so that some medial settling has occurred, with resulting deformation of the tibial component. The clinical result has remained excellent. necessary, as evidenced theoretically" and clinically. Many current resurfacing designs possess central fixation pegs.
To the authors' knowledge, the total condylar prosthesis is the oldest resurfacing design that is still widely used in its original form. The first 100 consecutive total con-FIGS. 4A AND 4B. dylar arthroplasties were recently studied.' The follow-up period ranged from five to eight years (average, 6.6 years). Seventy knees were rated excellent, 23 good, two fair, and five poor. The five poor ratings were due to loosening in two knees, posterior subluxation in one knee, component malposition in Clinical Orthopaedics and Related Research one knee, and sepsis in one knee. Only one mechanical failure occurred after a technically correct operation.
Because it is unlikely that there is a significant difference in technical ability among surgeons implanting different prosthetic types, it seems reasonable to assume that the difference in clinical results is inherent in the design itself. Of all the prosthetic knee types with a greater than five-year follow-up period, only the total condylar has an acceptably small rate of complication. The designs that have provided greater inherent constraint or left one or more of the joint compartments unresurfaced have had a higher rate of complication and failure.'
SURGICAL TECHNIQUE
The other major reason for total knee revision is technical error. Clearly, there are many factors involved in this problem. However, with the total condylar prosthesis, this has been the single largest cause of failure.
When a resurfacing operation is performed, several facts should be considered:
(1) Ligamentous balance to correct joint alignment should be obtained before resecting bone.
(2) The mechanical support for the tibial component comes from the subchondral cancellous bone. Both the quality and quantity of this bone decrease as the tibial cuts move distally. A minimal amount of bone should be removed that is consistent with a flat surface parallel to the ankle joint. When large erosive defects are present in the tibia, a "buildup" is required (vide infra).
(3) The bone cuts must be accurate and position the prosthesis at right angles to the mechanical axis of the extremity. This can not be done reproducibly by "eye"; instruments are required. Tensioning devices (laminar spreaders or a Freeman Tenser) are essential. (4) The patella should be aligned with the femoral and tibial components, and if the patella has a tendency to sublux, a lateral release should be performed.
REVISION SURGERY TECHNIQUES
As a general principle, revision surgery should be performed as soon as failure is diagnosed. Once components are loose and have shifted, failure is inevitable, and procrastination only results in progressive bone destruction and the creation of larger bony defects (Figs. 5A and 5B) .
Removal of the existing prosthesis is often a formidable task, especially in the face of extension contracture or stem breakage. Quadriceps tendon turndown, in the fashion of Coonse and Adams, and "skeletonizing" the ends of the bones by subperiosteal dissection of both tibia and femur have proved useful methods of obtaining needed exposure without avulsing ligaments or the patellar tendon.
A large sliding hammer with interchangeable or adjustable grips is excellent for extracting hinged components. A fiber-optic headlamp and a high-speed low-torque pneumatic drill are invaluable for removing cement and broken prostheses.
Prior to operation, the defects in bone and soft tissue should be carefully assessed. Of importance is that radiographic defects are magnified at surgery once all cement, necrotic bone, and granulation tissue have been removed. Irregular bony surfaces should not be trimmed to form a flat surface for the prosthesis; this will produce large gaps that can only be filled with very thick components. It is better to reconstruct bone deficiency the way a dentist fills a tooth cavity. Small cancellous bony defects of the tibial plateaus may be filled with titanium mesh to contain and reinforce the cement. Cancellous bone screws can be used to position the components.
Bartel et al. ' have performed a three-dimensional finite element analysis of prosthetic replacement in the face of major asymmetric tibial plateau bone loss. They concluded that the use of a metal retaining tray and peg significantly decreases the FIGS. 5A AND 5B. (A) Radiograph showing failure of a total condylar prosthesis 11, with obvious loosening of the tibial component, medial settling, and plastic deformation. (B) Radiograph obtained two years after revision, showing the extent of medial bone loss. The cement was reinforced with titanium wire mesh, which has prevented any deformation of the plastic. Note that the postoperative positioning was intentionally in excessive valgus.
stress on the area of bone loss. In addition, they suggested that the use of a custom "salvage" prosthesis, which replaces the lost bone with a metal wedge on the tibial retaining tray, is significantly more effective at relieving stress at the area of bone loss. This is especially true under conditions of asymmetric loading. The custom salvage prosthesis is topped by interchangeable heights of polyethylene to allow for proper ligament balancing ( Figs. 6A and 6B) .
This same principle is applied to femoral defects. The femoral component can be augmented posteriorly, anteriorly, or distally to replace corresponding areas of bony loss with metal. Excessive thicknesses of unreinforced cement should never be used for support on either side of the joint.
If there has been significant symmetric loss of tibial cancellous bone or a distal fracture, the augmented tibial tray may be attached to a fluted intermedullary rod to provide increased fixation and transfer of stress to more substantial diaphyseal bone. In the case of a supracondylar fracture, an intramedullary rod may be affixed to the femoral component.
Often, it is difficult to obtain satisfactory ligament balancing in both flexion and extension when revising a prosthesis. The authors therefore recommend the posterior stabilized condylar prosthesis as most suitable for revision operations (Fig. 7) . A full range of sizes should be available.
There is no indication for hinge prostheses in revision surgery. Stems can be attached to resurfacing components when there is need to compensate for bone loss.
Defects in the medial and lateral collateral ligaments are best treated by using a total condylar-111-type prosthesis. This prosthesis allows adequate constraint to compensate for the defective ligaments, while avoiding the difficulties with an overconstrained or fixed-link prosthesis.
Revision surgery is mostly done freehand; instruments are seldom of much help. The most useful tools are a set of spacers, an Clinical Orthopaedics and Related Research
FIGS. 6A AND 6B. (A)
Radiograph obtained five months after revision for a failed unicompartmental replacement. The medial defect was filled only with cement, and, as in Fig. 3, plastic deformation and settling on the medial side have occurred. This case was subsequently revised. (B) Radiograph obtained two years after revision using a custom tibia1 component with a large medial flare to transfer load to the upper medial cortex of the tibia. This solution can be adopted for cases with extreme asymmetric bone loss. alignment rod, and two laminar spreaders to tension the soft tissue capsule.
REVIEW O F THE HOSPITAL FOR SPECIAL SURGERY EXPERIENCE
Seventy-two knees were revised at the Knee Service Department during the period from 1974 to 1979 and currently have greater than two years' follow-up study. The quantity of each prosthetic type used is shown in Table 1 . However, the pool from which the revisions were drawn was enlarged by cases referred from other hospitals; hence, the numbers only approximate the revision frequency among designs. Each patient was evaluated prior to and after operation, using The Hospital for Special Surgery Knee Rating System. From 100 total points, the method allots 30 points for absence of pain, 22 points for function, 18 points for range of motion, and 10 points each for muscle strength, stability, and absence of flexion contracture. Subtractions are made for walking aids, varus or valgus alignment, and extension lag. An excellent result exceeds 85 points, a good result is 70-84 points, a fair result is 60-69 points, and a poor result is less than 60 points.
Each patient was evaluated roentgenographically, obtaining lateral, standing anteroposterior, and patellar views, prior to operation, and at six months and one year postoperation, and yearly thereafter. Each radiograph was evaluated for alignment, signs of loosening, or cement-bone radiolucencies, and if appropriate, degenerative changes in unresurfaced compartments.
While more than half of the other condylar designs were revised for aseptic loosening (Table 2) in the total condylar type of prostheses, malposition, loosening, infection, and subluxation were present in approximately equal amounts. This would tend to support the inherent soundness of the total condylar prosthesis design insofar as at least 75% of the revisions were due to either infection or faulty technique.
RESULTS
Prior to operation, the average knee score was 49 points, with a range of motion from 6" to 75". After operation, the average knee score was 83 points. Thirty-eight knees were rated excellent (53%), 26 knees good (36%), four knees fair (5.5%), and four knees poor (5.5%). The average range of motion was 96". Overall, 13.8% had extension lag of 5"lo", and 2.7% had extension lag of 10"-20".
Of these knees, seven were revised to a total condylar I prosthesis, three to a total condylar I11 prosthesis, 32 to a posterior stabilized prosthesis, and 16 to a custom prosthesis, usually with a posterior stabilized articulation.
The results of revision surgery are nearly as good as those of the primary operation. In this series, 89% were rated good or excellent at follow-up. However, as a group, the revision cases did not show the level of pain relief obtained in a comparable group who underwent primary operations. There were some instances of restricted motion, but the majority of patients obtained satisfactory movement. However, extensor mechanism problems were more common in the revision group.
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There was also a much higher incidence of radiolucent lines in the revision group. This was demonstrated even in the immediate postoperative radiographs. These lines are thought to represent the residue of the thick fibrous membrane that clings to the bone around a loosened prosthesis. This was often emphasized by a zone of sclerotic bone that formed around a loose component, and it was not desirable to remove this stronger bone. These radiolucent areas of the sclerosis did not progress with time and are not thought to indicate loosening. However, this may be the reason that complete pain relief was less frequent after revision than after primary replacement.
SUMMARY
In 72 knees, revision total knee arthroplasties were comparable in results with primary operations. There was a higher incidence of extensor mechanism problems and less complete relief of pain. Although the incidence of postoperative radiolucencies was high, these were nonprogressive and, in most cases, not harbingers of progressive loosening. Revision surgery requires surgical skill and judgment, as well as facilities to provide a wide range of prosthetic sizes and, if necessary, custom designs.
